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This monograph is on*' an a series of analytical 
reports presenting findings from the National science Foundation's 
1989-90 National Survey of Academic Research Instruments and 
Instrumentation Needs. This report documents current status and 
recent trends in the amounts, costs, and kinds of academic research 
equipment in seven major science/engineering fields. It also 
summarizes department heads' assessments of instrumentation needs and 
trends in these fields- The analysis compares data ottained in the 
current survey (1989-90) to similar data collected from the same 
institutions in 1986-87 and 1983-84. The study is limited to research 
equipment originally costing $10,000 or more per system, excluding 
equipment in 18 facilities designated as Federally Funded Research 
and Development Centers. The current data are based on multistage 
samples of 11,575 instruments from 909 departments and research 
centers at 79 institutions: 55 colleges and universities and 24 
medical scho'ls. The sample data are statistically weighted to 
represent a universe of institutions that collectively account for 
over 90 percent of the nation's academic research and development 
expenditures in engineering, chemistry, physic/astronomy, and the 
agricultural, biological, computer, and environmental sciences. The 
survey response rates are 90 percent or more at all sampling levels. 
A list of sampled institutions is appended- (KR) 
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HIGHLIGHTS 



INVENTORY AMOUNT. Over the three cycles of this survey, the amount (ag^gate purchase {Hice) erf 
academic research equipment in the $10,000 to $9^,999 price range has ina-eascd from $13 billion in 1982 83 
to $2.0 billion in 1985^ to $3^ billion in 1988-89. After adjustment for inflation, the latter change represents a 
real inventory increase of 51 percent over this latest 3-year period. 

FIELD CHANGES. The largest increases in equipment amounts over the mc^t recent 3*year period were in 
en^eering (74 percent real ^owth) and chemistry (59 percent). The environmental sciences had the lowc^ 
inventory growth rate (26 percent). Intermediate rates, in the 40-47 percent range, were found for the 
agricultural, biological, and computer sciences and physics/astronomy. 

ANNUAL PURCHASES. Despite the expansion of accumulated equipment stocks over the laterf 3-year period, 
1988-89 annual purchases of research equipment ($831 million) were only 11 {^rcent higher than in 1^-86. 
This suggests there was a leveling-ofT or downturn in instrumentation funding during the latter part of this 
period. 

PERCEIVED TRENDS. In all science/engineering fielcfe, most department heads (87 j^rcenl, overall) 
reported m the 1989-90 survey that their research instrumentation needs had increased owr the past 3 years- 
FcwRr (69 percent) reported that the amount of research equipment in their units had increased. Only half 
reported that the overall adequacy of their equipment had improved. 

LACK OF NEEDED EQUIPMENT. Although the overall pe ^ntage was not as high as in previous surveys, a 
substantial majority (62 percent) of department heads continued to tcpotl important subject areas where faculty 
inve^igators are unable to conduct critical experiments because they lacked the necessary equipment. In three 
fields, reported lack of needed research equipment was as widespread in 1989-90 as it had been 6 years earlier: 
physics/astronomy, 84 percent of departments; the agricultural sciences, 77 percent; and the environmental 
sciences, 69 percent. 

AREA MOST NEEDING INCREASED SUPPORT. As in previous surveys, the majority of department heads 
in the biological and agricultural sciences urged increased Federal funding support for research equipment in 
the $10,000 to $50,000 range. In all other fields, substantial majorities (52 to 81 percent) urged that increased 
Federal support be directed to ''big ticket" items in the $50,000 and over range. 

FUNDING. Over the 6-year period encompassed by this survey program, there has been a gradual decline in 
the relative share of research instrumentation funding from Federal sources, from 53 percent of the tcrtal stock 
in 1982-83 to 48 percent in 1988-89. Instrumentation funding from the largest Federal source, the National 
Science Foundation, declined from 18 to 15 percent of the total stock. Over the same period, funding from 
state governments increased from 5 to 9 percent of the total. These shifts differentially benefitted public-sector 
institutions. 

EQUIPMENT TYPES. The current (1988-89) national inventory of academic science/engineering research 
equipment can be divided into four broad categories of apprcMumately equal total size, in terms of aggregate 
purchase price: computers, spectrometers, bioanalytical instruments, and all other equipment. Different fields 
had very different instrumentation profiles. Si^ctrometers, for example, u^re essentially nonexistent in 
computer science but constituted over three-fifths of the total inventory investment in chemistry. 
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EXECUTIVE SUMMARY 



Tlds gMMiograph a is^ fai a sm» ctf anafytkal 
repcms p rcs ck ing fimfii^ fnm tte NsAknml 

Academe Ks^mA hmtm&Os ami Inmimmiakm 
Nmis, Tim rq^ort itocomeats carrciU sUdns and 
recent trends m the amoimts» an^ kiiids ctf 
acmteiiie researdi eq^;iiii€»U m seven m^jor 
sdence/oigiMeriiig C^b. It abo summarizrs 
departmod IwiKb^ assesmmrts oi tttstnimemat&m 
i^seds aid tieiub ia ttose 

Hh: analysb omi^rea data obtan^ 10 tl» current 
survey (1989^) to similar dito cx^teded fnm the 
same ittstkntions in 19K-87 and l$fi3-84w Thesti^ 
b Umked to meardb eqn^ns^ cmguia% coding 
$10,000 or more per syi^em, fjghKfing equipmrat in 
18 C^ilitks dra^ni^ as Federal^ Fimifed 
Research and Deveh^ent Centers. Tl^ current 
data are based cm mubitf£^ samplra cS 11^5 
in^nunrats frinn 909 ctepartments ami research 
^tm at 79 tnaHirtimis: 55 odl^es and muversitbs 
and 24 mc<fical schook The sample data are 
stM^icaDy we^ited to refveseiU a oniverM of 
imtittttioiB that collective Momnt for over 90 
percent oi the natira's ac^»nk R&D caq^endteures 
in engirc^ing, dwmbtry, {^yms/astnmmny, and 
the agricultural* l^dk^ial, ccmi{mt«r, and 
environmental sc^mes. The survey re^xmse rates 
are 90 percent en* more sA all samjrfing teveb. 

Thb triennial equipment surwy jm^ram b funded 
jointfyhy NSFand the National Institutes of Health 
and b oondmted m respome to a Qn^re^imal 
directive to the Foundation to: ^^tkveiap indices, 

the smis i^s^ntific ins^umenmkm in 0ie Ifiiit^ 
States and of the cuntnt and pwjected needs f&r 
Kkndfic and technalogfad instmmmtatian " (FX. 96- 
44, Section 7X 



AGGREGATE AMOUNT OF EQUIPMENT 

In 1988-89* time wtn apfmswnatefy 80*000 
scknce/engineerii^ research itttrumem systems 
coding $10^ m mmc m Mademk settii^ mth 
an aggregate purchase price of about $5 Hllton. 
Nearly $2 UOton (36 patent) of thb total was 
ecmcentrated in central eomputer centers and in 
about 200 other large systons costing SI million or 
mmc per sydem (observatwies* oceanc^aidiic 



researd vesseb* mictear scmice l^ffitks^ ^c). 
Ilif^ large syi^ms were not indoded in ea^r 
cydes ci the survi^, nrfikli focnssed on 
mstruMntation m the $10*000 to $999*999 prbe 
range. 

The s^gr^te purdiase of research eqi^miait 
m t]» SlOJOOD to SS99J999 jmce ras^ wi» 
iq>|Mtnimatefy S3.2 tnl&m m 1$^8^« Thb 
rep^ents a real (infl^icm-ad^usted) inoe^ of 51 
percmt from the amount found 3 years e^Uer ($Z0 
billkm) afid b more than twke tte amouitt fmud 6 
years earlbr ($13 billkm). AO ctf the fdlowiag 
^mistks refer to equiinnait in thb $10*000 to 
$9994KK^imcerai^. 

Current (l{%8-89) ii^trumentatkm stocks are most 
heavily ccmceitfntted in the Holo^cal sdeiues (29 
percent aggr^tfe mvestment)* ^igtneerii^ (26 
percem)* and tlH? i^yskal scknora ^ cl»mbtry (17 
perceitt) and {dtysics/astrcmimiy (11 percent). The 
mvircmmeirtal (8 perc^)* computer (5 percent)* 
and agricultural (3 percent) scioica acctmnt for tbe 
remainder. 

The largest inventory increases over the latest 3-year 
period (1985^ to 1988-^) were found m 
engineering (74 percem) and chemistry (59 percent). 
The envircmmentid sciences had the smallest 
increase (26 percent). 



TYPE OF EQUIPMENT 

Aggr^ate investment m academic researdi 
equipment in the $10*000 - $999*999 range was 
distributed across four cat^ortes about equal 
UAbI Bia in 1968^ a^f^mt^ (with afanost all of 
computer science's im^tmem and aboirt one-third 
of the investmeiUs of engine^ing^ 
physics/a^trmumay* and thr envinmmental scia^es); 
speanm^s (with over 60 percent ctf chemteiy s 
curreitt investmott and becoming tncreasii^ 
prominotf thm and in most other fields as well); 
biamafytkal instmmmts (65 percent d tte 
biok)gkal sciences* investmeitt and 52 perc^ ctf 
that of the ^rioiltural sdences); and all oOm 
etpt^ment^ ii^udii^ misceUaneous custom-built 
instrumentation (about half of the total investments 
of engjneoing and pLysics/astr<wwDy)« 
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Fkom 1985^ to i^ggregtfe investnieiit 

mm tbu doidi^ ftn* sevoral loads cqiupattf : 
imt^ 8yi^k»izm/seqiieMm, ami|ntter iroapog 
eqmpment ^rafducs/CAD^mi^ analysis 
eqii^nnoil), and largt jmAotype systems in the 
SKXVOOO and over raoge* 



EQUIPMENT NEEDS 

Mmiy sctem^/ei^iiecriiig ifejwtment heads (69 
pNKitt) repOTted in ihc cumral siurv^ Uiat Uie 
amount researdi eqtupmeitf in tl^ units 
mcreased in tl» patf 3 years. However, alrocKt all 
(87 percent) said their instrumentatira neetb had 
grown om this period* In the agricultural and 
l^^^^teal scimces^ the greM^ need ccmtinued to 
be for ^uiimient m the $10,000 to SSDyOOO rai^ In 
aU other Ldib, sidxstao^ miyarHi^ <tepartmcot 
heaife (58-81 peront) i^ti^ equiimiOEit in the 
SSOyOOO and shew range d& being the area where 
th^ most nnded increi^ed Fecteral support, up 
from much lower percentages (24-65 percent) 6 
years earlier. 

The growing importance of b^ ticket items was 
furtlw indicted by the fact that the median 
purdiase price of dejHutment heads' three topmost 
I»-k3rity equipmait i^eds was SIOO^XX) or above in 
all fidds except the agHodtural and biological 
sciences (where the medians were $35,000 and 
SSD^OOO, respectively). 

The types of equipment departmem heads reported 
as being most imeded were generally similar to the 
kinds they ahready h^ However, in mt^ fields, 
spectrometers constititted a largo* proportion of 
needed than of existing investments. This was 
especially true in diemistiy (yAtie spe^rometers 
conttktited 61 percent (rf the aggregate purchase 
prke ctf equipment in the current inventory, but an 
even larger 79 percent of the cotts of aU top-priority 
Keds) and the environmental sciences (where 
spectrometm coa^titted 28 percott of oirrent 
invmtoiy and 50 p^cent of top-prioril^ needs). 

In afl sdenoe/engineering fields ^dkd, the main 
reasmi for nesting new instrumeitfation was to 
beocmie idneart of emeripuiig techndi^es. Thus, 58 
pemnt of aU instrumrats Mtd as being Uqi-priority 
needs were needed to "uj^de capabilities (to 



perform aqperimei]^ ycu cus»t do myw),' ntthct 
than jmt to re|dace obsdete m wws-Mtt ^u^mmtf 
(17 percent) or to ei^a^ a research j^€ff9m by 
aa|uiring addkkmal oc^^ df abtmg 
intfrumeitfaticm (25 percem). Tins need to obtiun 
equipment with uj^iiuied ciqialHlitia wu csprrially 
pitHKHuiGed in the phy^al sci^^es - 
ldiy»€s/astrt»UMny (76 pereott d the top*{mm^ 
needs) and c^ *mi^ (62 percent). 



ADEQUACY OF EXISTING EQUIPMENT 

In the current sur^, most scfence/engyneering 
itejmrtment l^ads repmted that, over the pairt 3 
years, the overall adequacy df their research 
equifmient eitl^ remainol dxmt tte same (32 
percent) or improved (50 percent). Only 17 percent 
experienced an ovi^sll dediM in tlua peruML 
Reported improvemoits in overall adequMy were 
mfM^ wide^^ead in d^mistry (71 percrat), and were 
least common in jAysics/atfrcnKmiy (41 percent). 

Over the 6*year period encmnjMOsed thk survey 
prc^am, ttere abo were seme reducticms in the 
percental of ^partmeitt head^ cmnidainii^ of 
impcMtant subject areas where f^^ilty ur^estigators 
in their units could not perform critical e99erim(»ri:s 
l^cause they lacked the necessary equipmeirt. Such 
complaints y^tc very widespread in 1963-84, being 
made by about 90 percent d diemisti% computer 
sdeno:, aiul ei^eering department heads and 1^ 
about SO percent d departm^ heads in the 
agricultural scten^ and jdiysics/astroiKuny. Even 
in the bblpgical ainl envircmmortal sdencesi well 
owT half d all department heack oqn^ssed this 
complaint. 

By the time of the current siin^y, this probtem 
seemed to have become somevi4iat ameUco-ated in 
several fields. The percentage of department heads 
making this com{daint dedined by 30-34 rmrf^ti^ 
pomts in chemistry and ccmiimter science and by 19 
pemntage pdnte in ro^neerii^ A reducdbn frimi 
56 p^Knt to 16 peroeitt was s^ tvtn in the 
biol(^al science 

Although omwlerabty relieved or reduced in some 
arc durii^ thk 6-year period, the pfd^m of 
r^earchers' inability to cmidiKit cr&kal research due 
to lack of needed eqiupmeitt certmnly was not 
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Aotved. Tltt ovei^ iM^renSi^ of ifepaftmatf 
ami|riakiii9 thb prolan ^omuscd {fnm 72 
percent in 1983-84 to 62 percent b 1989*90X biA at 
the end the period tl» percentttge was still well 
above SO pcm«^ m aB fieks except the bti^c^ral 
sdraoes. In titoree nugo^ fields, p^ceived riawtages 
of needed nsetfch eqni^mtt oc^inwd to renudn 
as wiikqmiMl in 1^9-90 as tl^ had been 6 years 
evlkr. i^sscs/astnmnny (84 perc^X i^cubural 
me&m (77 perceri^ ami ravinnunratal screes 



ANNUAL CXreNDmJRES 

Afto' adji»tmeot for inflatkui, 1^8-89 amiual 
C9q)enditwes fm purchase of sdence/engjneering 
research equifmient ($831 million) were 11 peiwnt 
h^^ than th^ 1^ been 3 years earUcr (S678 
million).* The lai^est 3*year increase was in 
ei^nwring (34 percent). Chemi^ and 
physics/astrommiy diowed no chai^ in annual 
equipment imrdbas4», and computer science and the 
^grioikural sciences both had lov^ equipmeiU 
ejqyenditures in 1988-89 than in l%S-86* These 
fimtings sug^st that^ althou^ instrumentation 
stocks ocmtinued to accumidate during the 
subsequent 3 ;^ars, annual spending may have 
leveled off. 

From 1982-^3 to 1988*89, annual research 
ii^trument purdiasa consi^ently repre^ted about 
10 percent of tc^ R&D expemiitures. As a 
percentage 6( tcrtal R&D spendii^ equipment 
purchases were consistently higher in the pby^cal 
scbnees ami en^neering than in the agricultural, 
biological, ami environmental sciences. 



EQUIPMENT COSTS 

AUboi^ there was little change during 1985-% to 
1988*^ in the overall average (mean) price of 
imtruments hi the SMMXX) to $599^999 rai^ (it 
increased from $38,000 to $40^), significant 
duu^ oocurred for partictilar types ci ^(uipment. 
Average umt {Mices paid fm most categories of 



ccmiputi^ equijmml ife^oed (frrai $49^000 to 
$45,000 overall), wluk price ii»reases occ ur red for 
sevmal ctt^(^fe8 oi q>ectrometera ami Imandyticy 
imdrui^eitt& E^M^iaBy iaige incmKa b aien^ 
unk pric « were seen Cnr NMR qiectroim^tm (frrai 
S93^ to $152,000) and protem 
sj^^iesism/sequa^m (from $48^)00 to STOyOOO). 
AklK)!^ I^ewmd^ mdktfive ctf iwieased 
caprfyilitiCT of the instrumciitMion bel^g pmvhuedp 
the umt imce increases also indiciae inoTM^^ 
of <fa^ research that require sudi 
instnonentation. 



SOURCES OF FUNDS 

As instrumentation stocks in the $10,000"$999«999 
range accumulated over the stud/s 6-year period, 
mem than douMu^ in aggr^te purchase {nice, all 
funding sourm dnr ed substantial ahsolitte 
moeasK in aggregate contributic^ Howevi^, 
there were some diifts over thb period in tte 
relatiw ms^tuiite of the eontritmtimis of differort 
sources. Overall, the Federal government's share 
declined, frcmi 53 i»r€»t of the total in 1962^ to 
48 per^nt in 1^8-89; this was laigefy ofliset by 
increased fimding from state govenunent sources, 
whidi grew from 5 to 9 percent ctf the total This 
d&ifr was disadvantageous to privale u^tKittkms, 
which received very littte benefit him state 
go^mments' increased inttrumentatimi funding 
activity. 

The larger relati^^ declines in Fede^ suppcm were 
seen, in phy^cs/a^roncmiy and engineering; berth ol 
whidi showed (tedin^ ol more than 10 percMtage 
points. Of the majw F^ral instrumentation 
funding sources, NSF showed the larg»t relative 
decUne, dropping from 18 to 15 perceiU o( the total 
Nevertheless, NSF remained the largest Federal 
funding source for academic research equijmient, 
folkwed doieiy by the National Institutes of Health 
(14 percent of total funding. 



*11iese data lefer to pmdiascs oi nojicxpcwtobte reicafcli 
eqittpmeiitfiostiitf SSOOca'OKMtper rait 
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equipmesu and eqmpme&t i^eds m seven nugw fields of 

phyaki/astnmoay, ami oigiiM^i^ It is in a serin 
€tf nqmtft {mseatuQ h^ramMira ftma tlie 1SI69-90 cyde 
ctf the Njtfk^ Survey ctf Academic Research 
lostreiMids aid Iiistratftcsdatkm Neecb.^ TUstrhmial 
smwy fnffvOf eoaditcted by Um N^iimal Sdeaoe 
Frandittira (NSF) with huqch* support fmm tbe Natio^ 
Imtk^ of Heakh (NIH), is des^ned to monitor 
cmi^giog research equipment needs and trends in the 
amwimsi eoi^ and charactoriirtics of M^ii^ acacfemic 
ftsearch equiimi^ in a lm>ad ^)ectnmi 
scknee/ei^iTCering fiehb. 



Background 

yfhcn numerous reports during the late 1971^ revealed 
that tte research equipment available to imentists and 
oigiwm in teacUi^ research universitks was often 
inade q uate to meet the needs of modem research, 
Cragress turned to tl^ N^imal Science Foundation 
(NSF) for factual information. The C(»ig^ direiAed 
tl^ Framiaticm to *^.devetop mdices^ correlates or cHher 
suiUMe measures or indicators tht status of scientific 
b^run^ntatkm m tl»s United States and of the current 
and prc^cted needs fm sdeittific and technok^cal 
ii^rumattatkm/2 In reqxmse, NSF initiated a 
feasibility study to determiM the best soums of 
inform^iM about the amount^ cost, condition, and need 
for academic research equipme^ The National Sur^^ 
€d Acacfemic Researcb Im^umrats and Instrumentation 
Nee& was then devetoped on the b^ of the 
mfcmsatlon i»^ded by the feasibility study. 



'hi addition to thi» mptm on cquipfmni if\ all ly^jor 
tckaee/ei^bmriiv fieMs» flute compaiumi repoftt provide tmnt 
deti^ l&mpttMd isEMtiiatlOQ Omm bMnmtnMkm tieods 
wiMB mMM$ of (a) Uie pliystaa fctoces, (b) the bioiogiaJ 
Kkacetp mi (c) tt^fiousint/compatt ttfeoct, A kmiih report 
pmMcs idd^kMii] f8ft»matk» ftbout chaxacterUtki of aciatof 
BqMlp B wU (east, ^ coiitftkm, liiiife, maintenance pmviRtatt, 
iMfid icnaicii fife, etc.), by type of eqtiJ^iem. Co^es (rf these 
jvpm Bsy be ebtatoed fimi the Netkmat Sckoce FDvndat&Mi. 
OoQtactDr,EaeeaOoffiai»(2Q2)69M6Sl 

»An Act Tb Aitthofiie Awmcriati^ for ArtMHet for Utc Naitenal 
PttbUcLaw96^Secdcn7. 



To date^ three cydes d the wrvey have been eomplcted 
using ^ibr designs and ibta-^tflmli^ tmhiunmts 
C^de 1 was cosOmSed m 1983-8^ Cjfdt 2, m 198^^; 
and Cydc 3, in 1989-90. Eadi d these cydes was 
^mdutited in tiro j^iases. During Phase I (in 1983^ 
and 1999% iafcmnatkm ivas eid^ted tte ^bysiai auS 
comptttCT scfcros and e n g |a eeiiiig> Diuing Pl^se II (tn 
19S4» 1987 and 1990), infimutkm vras adbded for the 
luolog^al, affricukural, and ravimnmeitfai sdencca, with 
the bk^]gM sel^m pwfkm tte d^ eoUectioa 
h^i^ing a sqaratefy wlnted samf^ ci me(&d sd^ids 
in add&tk» to the smnple crif mmmo&al ooUeges md 
univers&tes th^ {routed data for all majmr 
sdence/ei^neeiing fields. 



Data Consifieratioiis 

Basic parameters d the 1989-90 swvey are described 
beknv. PrewHUi qrdes of the study used essentially the 
same parameters. 

Institutions. The institution sample ccmsisted of (a) 55 
c(^eg^/unim:^lies (exdudii^ medical schools) 
selected to represent tbt 174 sudi instkutions with 1984 
nonmediral R&D aq>enditures ol $3 mittton or mmre^ 
and (b) 24 medical sdiools statistically selected to 
represent the 92 medical sctoc^ with 1982 NIH 
extramural huidi^g of $3 million cm* more*' At each 
sampled institution, a study cocmIinat(»r was identified to 
oversee all data collection activities. 

Utimrtmrats. Sampled institutions anttairod a total of 
1,397 departments and ncmdei^tftmental research 
centers wUh at lea^ <me Uem oi research equiimmt 
o^ii^ $1Q»000 mem in fieldb mMcmipassed by tlw 
stmfy. In four fields that had especially krge numbers of 
(fefmrtments/centers-engiii^ering and tl^ i^ricuhural, 
biologic and environmental sdenoesp-a samfde df 909 
of the 1^18 eli^le departments/ceirtas was setected 
In the remaining thr^ fields^ dienustiy, ampvia 
science, and physics/astroncmiy, all ctf tlw 279 eligiUe 
departments/centers were induited m the study* Tht 
heads of these 1,188 unUs were asked to a»ni^^ a 
department questiiummre concerning their expo^Btures^ 
priorities, and needs for research equipment 



two iis^tutoi lam^ni fraiitea accoral, le^ectivefy* for am 
90 peittot of afl nonmedical acadeaik RAD ^cpiod^iMm and over 
90peicenf ofanraHextiamufalfiuHtlottom^^ T1ie79 
lampted inttit iitkHif w Hated io AppetMx A. 
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faidrBBnis* At eacA iastimkm» tBW»tt(^ atfcra^i^ 
wu miw^ed idk»difyiiig id n»ea^ 
or^baSy oo^b^ SIO^OOO or more that were invmrtCMrkd 
to smi^ <l^[ttitmrate/cratas. A ti^ df sudi 
iutnmiCRts was kterii&d, fnm whidi a sample oi 
11^5 was selKted. IFot each instniment, the 
respoQsiUe priadpal mvestiga^ was ^^sksd to complete 
a slKsrt fonn aH^ermi^ ^ ccst, age, fimdii^ source 
orac&ioii, (mncapat &ld ^ reseaidi use, and (Aher 
diaracteratic& 

Sapmjitraii. 11« ^trvey exduded eqiupmeat assigned 
to any of 18 unmrsity-administered Federally Funded 
R&D Centers (FFRDCs),^ Tte instrumentatum in 
th^ kuge natimial labs is wdl known to the qpcmsoring 
agencies and bcNtt^ the so^ of this study. Howewr, 
acactonic instftutkms also oratain a numb» of cMher 
laige^ spedalized researeh facil^ks that are built around 
or consist ctf a sin^ iirt^rated ii^nuneiM syirtem, such 
u a €<»nputer cento*, obsetvatcny, nuclear reacts, or 
oceanc^aphk research vessel Sudi "supersyi^ems," 
wfaidi generally cosA over Si million, woe not ful^ 
reimsented m the first two cydes of the survey. The 
1989*-90 survey identi&d and coUeded United 
infcmnidicm aboitt 119 such' facilities at sampled 
instftttticms. Findings these supenystems are 
iiMduded in Uu? discussion of current inventory sizt^ but 
are m>t indu^ in trend anafysn. 

Response Rates* Response rates in this voluntary survey 
were extremely h^ All 79 sampled 
cdleges/universities and medical sdux>!s partidpated in 
ti» 1989-90 survey. UsMrfe questi<mnasre mponses 
wm obt^iHMi for all supersy^ms, for 92 percent of 
sampled departmentr/oeaters, and for 90 percent of 
sam]^ instrumeirts, continuing tlm h^ levels of 
partidpatton established in earlier cydes of the survey* 

Estimutcs. All findings disci»s^ in this report are in 
the form of n^ttional climates developed from the ^udy 
samfdes* As well as rdlecting <»r^inal pw^Wlities of 
setection, fw instftutions, departments^ and instruments 
tte estimates cxMsin statfatical iMj^u^tments for 
qi^aionnaire ncmre^onse and imputations for item 
mmn^onse within questiimnaires to ensure that 
i^mted estimate fiilly refn^nt all intended 
mstitutions, fidds, and in^rtmients* 

Sam|rflnf Emm. Since th^ are l^sed cm sample, the 
estimates presetted in this rejwrt are subjert to 



^TtelS ewliiMFnUKIimiistedfaAppciHlixB. 
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variahiUty due to sampfiog aror. For eno^ most 
overall estimates (sot bndtea oitt by &ld) have tam^ig 
errors (coefficbnts ci varioticm) (tf 2-6 pm)»tt, whid 
imjdies a 95 pnccitt ctmfiA^c i^rval erf AmA twke 
that magn^de; le^ or minus 4-12 percent of the 
rq^med esdmMe. Estimate for the smaPer msA 
as the agricultural m comjmtar sc^i^es, have sampling 
enms 2-3 times Urgct than those for all fie^ ooml^wd 

Rdimmcc ^ertoda. In aU three stnveys, infOTmitfiim 
dbofA oirrem equipnent MCib Bad pfM»ritks wis 
drained with referoice to the Ktii^ stovey year 0Le^ 
1983, 1^ and 1989 fm tte {diyaicai vmI ccmsf^rter 
science ami engU^ring-nufie I; 19S4^ 1987, and 1990 
for tht agrmiftural, l»okgieal, ai^ environmental 
sciences-Phase 11). Iirf(mia^»i lAwtrt equi|»neitt doBar 
amounts and oqienditures refers to the year precedmg 
the survey (le^ 1982, 1985, and 1^ for the Phase I 
fields; 1983, 19^ and 1^ for the Phase U f^). 

Inflation Adjustment* Throi^out thk report, there are 
many ref^nc» to p^^ent diaqge in equipment 
cjqienditures and ^vestments from 1985-86 to 1968^. 
AU such pcrccn' diai^ figures for dollar amcnntfs are 
adjusted for infl^cm cm tte bs^ itf UJS. Bureau <tf 
hsixr Statitfics Producr.* Price Indices for cqtuiment* 
related products. Actual ddlar amounts g^n are not 
adjusted for inflation. 

AddiUonal litfcmnatfim. Additkmal information aboitt 
the study de^gn, jNTOcedures, questiimnaires, respcmse 
rates, samplii^ errors, and other aqwcts of the survey 
methodcrfogy h omtmned in a aei^rate Tmhnkal No^ 
report AU findings from the 1966-87 and 1989-90 
surwys cited in thb repc^ are derive from a larger 
series of tabulaticms, which are presoited in a separ^ 
trailed Anafyds TtAks report Whoe oompan^le data 
from the 19S3-S4 baseline survey are available, 6-year 
trends are ako described AU data c^ed from the 1983- 
84 survey are taken fixmi the repent Xoidkrnjc J?eseancA 
Equipment in Sdec^ Sdma/B^fnwir^ Fields 
(National Science Fouinlation, June 1988, SRS 8S-D1).^ 
These reports are available from the Nj^cmal Sdeoce 
FoundatioflL^ 



^Tbat itpoit «]io dtes lbidlii|ii to tiw 1966-87 mfwy, whidi diflbr 
Mfitttf ffvm wMttia Aown to tbe cutmA ttpon as a fenft of 
imptitttom snd other wbm siatiiticil sd^maiesti Aide sioce ths 
cAiUex report wis {ublisbed. Wbote such dUffueflces eadtt, tbe 
current ftpott ^KMild be eoaikleied autboittsilwr* 

^CootKt Dr. EUeea t>Uins,(3Q2) fi3M6S5. 
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RESULTS 



Annsal Eicpeiidltures 



Eipd^Mrt Ptamftms* Anmial «qpeiiditttrcs fi»r 
piffdittc of t c a dw iw rescAi^ cquipineitt in 
ficieiioe/&i^aemQg fiel& showed an upuvard trend 
immg ti» After mcmsu^ htm SWO milium ta 

19S2-83 to Sfi78 miUba ia 1985-86^ eqiufmieiit purchase 
grew to SS31 mimon in 1988^ (Tabie 1)7 The latter 
diange rejnresents a real (infliumn-^juA^ increase of 
U patent over the 3-year peri<^ between the two 

Tabia 1, Tmrnto amiiitl aupmclftirM fc^ MMttmic rasaarch 
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percent, re^Mlively). Equqmient q[)eaiSiig leveb m 
dmmsixy and phsn^s/utrcmny were csntfiaBy the 
srae in 1988*89 as b 198S-M» and the compiOj^ and 
environmottal mm^oa boA eridnced reatddbr 
speiufii^ cutbacks (-14 pereeitt ami -23 pucat^ 
respectively). 

Ahhou^ doikr amounts of equipment imrchases varbd 
Gonsicterabiiy, the im)pmtira of tc^ academic R&D 
expenditures tuat were devoted to equijmie^ purchases 
remam^ govaUy std^ om the pobd ammpnscd 
by this research, Equipm^ purchases represented 10 
pemnt of tc^ R&D ^«ulii% in 1968^ and Acm 9 
pen^nt in 1982-83 (Tabte 2). Ovi^d!, and m nuxst 
individual fields, equifmient iq^endiag in 1985^ 
represented a somei^t hlj^r fracticm d tcXal R&D 
(11 i^rcent, overall) than occurred in either the 
preceding or sute^quent period. 

Tabto2. EKpancfltumi puiehasa of aca c iomi c maafoh 
tqulpmoflt M a pof co nt a o a <rf to;a} R&O oxpamSti^ 
by ftofd, 1S82«3 to 1988^ 
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Most m^or sdence/eD^neering fields evident 
atbstaitfial imeas^ in annual equipment pur^ases 
from 19{f2>83 to 1985^ but spencfing cfaai^^ from 
19SS-S6 to 1988-89 were more uneven. Of tBe seven 
migof fiel& studied, ei^neering bad the iaig^ real 
iman^e m equ^mmt pordiases over th» pniod (34 
penaA), and the i^gricukural and Indt^ical sciences also 
showed notRbte spen^ng mcreases (21 percent and 14 



"hheat data refin- to paidwaet of nonexpemlabte itseaitb cquipmeat 
cattily S300 orffiMC per iMit 



While the patterns were gei^ally stabk over time within 
individual fields, the sewn m^OT sdesce/oiginanii^ 
fields consistently differed from one amkhar in tlw 
proportira of total R&D ^pea&ng devoted to eqnqmieid 
purdias^ On this meiaare of equifnuatt htfeaai^!^ 
the agricultural, tnologjcal, and enmoiuneirtal scbmes 
were con^stently lower than the pl^i^ sdeaces and 
engineering (Table 2). 
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bMUract Eqaipmait In wk&km to tteir duiKt 

aqpei»fitiirts £v eqi^mieiA prndimesi instkutkms dso 
$173 millkm fi»r mamtenaitiTr/rqimir researdi 
equ^mmtt and $403 mafioo for ^uqpmeia cqpentthm in 
1968-89 (Tid^ 1). Tbese qyeiHfing tevdb mean tluU, 
every cfeOar spent to purchase new researdi ^uipment 
b 1988-S9, tii^tititioiis q)eitt as adi^mial fi9 crats to 
op^^e, mamtttn, and rejKur their obtmg resc^arch 
equi^ent R^ive to their te¥Bl8 oi equipmrat 
purdiases, 1$W8^ e3q>eiiditiires for equ^imeiit 
maintenance and repair were espMialfy h^ m compute 
sciesw (which relies teavily on mviee coi^cts for 
equ^ment maifitenance), awl eipe»&tires fm 
equifmient i^en&m wne eq^ecialfy h^ in the 
agricultural sciences (Tid>te 3). 



TaUaS. Annual axpancMimt for m atn ^n an ot/iapalr mnd 
opwtfion of axislinQ scadtmlc raaaareh aquipfnant p^ 
doflar of anmal axpmStoM for pufchaaa of tdcBthma^ 
rmk TQt)ac|u^pmmt,by1Md, iwaw 
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Inventoiy Size and Composition 

Currait Imfvotory. AlM>ut 80,000 insbiunent sterns in 
the $10,000 and over range were being used for 
sderoe/engpieering mearch m academic settings in 
1988^ (Table 4). The aggregate purchase price of 
these instruments was abc^SSUIlioa 

Nearfy all of these b^tnmmts (99^ ptfcent) wore in the 
$10,000 to $999t999 price range. However, the 
approximately 350 ^ems that co^ $1 mUtkHi more 
cdlectivefy woounted for a signifirant share of the tsAsX 
inveatmest: $L8 biUkm (36 pere^)* Mainframe 
comj^Om and their assooutf^ po^dierak in ounputer 
oeitfers comtkuted the tnilk of these hi^Hcost systems. 



Tabla4. Aopagsts amcHmt of aoadsiido mmrtih o^i^mam 
oos^ $10,000 or iraro por system, tytism prtos 
raix^ and loe^m, IBUW 
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SOl^l^ National SdsncoFbunctanoa am. 



Almc»t all of the coll^^/universities represented in the 
survey, and several of the medical schools, had at least 
one such computer ^tei^ the aggr^ate fmrchase i»ke 
of the computing equipment in thne centers was 
appronmatdy $13 billion. Large researd ve^ek, 
nuclear scaenn fadlities (large reactcH^ cyi^^nms, 
eled^on storage rings^ etc.), (AiservBtOTia, and other 
systems ceding $1 milfion and over ^counted for an 
ad<Kticmal 10 percent of tte tc^ hnnmtc^ investment 

Of the $3^ tMllion ol sdexkcc/ca^i^ccnDg research 
equi[mient in the $10,000 to $999,999 range, mort was 
focated b traditicmal academic departmeirts (Td^te 4), 
However, d>out one in every six sudi systems, 
representii^ a similar prc^pcuticm of the dc^ 
im^^ment, vmt located in spedalszed research centers 
outside the institutitm*s dei»rtaient ^nicture* 
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By fi^ die 1988-89 ^ock of researd instnimeBUtkm in 
the $10,000 to $999,999 range was most heavily 
amoBmnied b the 1»c^o^al sdowK, wfaidb had 29 
percott (rf i^gr^^ iovesdtn^; oig^iiMring, 26 
percent; ctemistiy, 17 percent; and i^ysics/astroaomy, 
11 percent (Table 5). The agrio^ural (3 percent), 
cranput^ (5 peroent), and aivvonmratal (8 percent) 
sctencra« cdUectively accmiiaed for the rematnuig 
aggregate investment 



TabtoS. i^s^agM amount of aeadtn^ rasMtfch •quipmtnt in 
HO,00frt999,fla9 nng«, by Md. 1988«9 
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diMiUed, from $180 million in 1982-83 to S3S7 mil&m in 
1988-89. 



Figure 1. Tremb In annuiU purchases «id accumulated 
stodi of academic research equipment, 
1982-89 

□ Acammlatod swck ($10,000 - $999,999 per iusm) 
^ Annual parchases ($500+ per item) 
$4t 




$0-" 1 1 » — 

1982-83 1985-86 1988-89 
Year 



Source: National Science Foundalion, SRS 



IVri^ in InvcntiHy Size. The accumulated national 
stock of academic research equipment in the $10,000 to 
$999,999 {vice range grew substantially over the period 
mcompas^ this survey sen^ from $13 billion in 
19S^83 to $2.0 billion m 1985-86 to $32 bilUon in 1^ 
89 (F^wre 1). The latter chai^ represents a real 
(infl^ffli-adjustr^ net increase of 51 perwnt over the 3- 
year perk)d C[dkiwing the se^md survey, continuity the 
hig^ rate oi mventwy growth seen earlier from 1^-83 
to 1985^ 

In rdftfive terms, compter science had tl» greatest net 
ej^nnsioa in its stock of research equiimient, the (non- 
inflation-adjusted) aggregate purchase price of which 
trebled from 1982-^3 ($50 millkm) to I988r89 ($165 
m^IIiai^ Tabte 6). Even for physics/astronomy, which 
had the lowest overaU inareue during this period, 
(noaa^osted) iostnimentation dollar amoimts nearty 



Tabl8 6. Agsfsgatt pur^taM j^ioo of acKfamto rasMrch 
a^^ntin$10^to^99^ran^,byfloid, 1982- 
83 to 1988^ 
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During tl» 3-year perkxl smce the lad survey, 
a^b^eriag had the greatest net real exfrnrnkm io iis 
mstnmieidatkm Aodes, ^siihkh increased iy 74 percent, 
btm $467 miOkm m »85^ to $837 voSX&xm in 1988*89 
fTaUe 6)« Cliemi^ abo had a ndstantial rate 
faivattray growth durii^ this perk^ {S9 percent), from 
S340 miUion in 1985^ to $551 millkm in 1988^. The 
envinmmental sconces had the lowest rate of real 
invent«y expansion (26 percent), growing from $172 
milfioa in 1985-86 to $246 millkm in 1988^* The 
remaining fiekb (the qgrmiburd, fakdk}8ical, and 
GtmipiAer sciences, and idiysks/atfrcmomy) all had 
im^toay growth rates in the 4047 pemnt range« 

Comimtfr Cnter 1V»ib. In general, trends m 
instrument symems a»tii^ $1 miUion or more cannot \^ 
addressed in thk report, ^ce the 1^9-90 survey was the 
first U irolude all swb systems. Acadraiic romputer 
orateri m the one "supersystem" cat^ory fm which 
reliab),e trend informatkm is available from all three 
survi^ Tl^ i^gregate amount computing equipment 
in sudi centers grew dramatically during tl^ 3-year 
period 1982-83 to 1985-86, more than doubling from 
$423 millkm to $877 miUirau The subseqi^t 3-year 
period saw omtinued net growth to $13 bilUoa 
However, the overall growth from 1%S^ to 1988-89 
was a ccmimrativdy tow rate (37 percent after 
adjustment for inflation), and it was largely due to the 
estabtiduneitt of a few laige superramfrnter centers 
during this period, rather than to a widespread 
upgradii^ or expansbn of centralized omiputer 
facifities.^ 

Tkimover Rates. The change figures cited above indurate 
chai^ in equipment inventori^ They reflect the 
omilHi^ effeOs ot inventory ^UUtsons and deletions 
during the periods between surveys, as new r^arch 
instruments are acquired and older, obsolete instruments 
are retired. 

Overall, about two-fiftte (38 percent) of the instruments 
in scfemne/ei^inraii^ research use in lS^-89 had been 
squired within the previous 3 years, ami about one- 
fourth of the instruments that were 3 or more years old 
at the time of the last survey bad been retired by 1988-89 
CTaWeT). 



wM Moml bifonasttee about tnads in ^ademk emitter 

Ceasntf Computet FocSUks ami E^amb^ 2999, Naiknisl Sdeim 
FDtiotettoii, im, ASF 91*300. 



ERIC 



TitH* 7. RsMs 9S kPQi^tiScn md iiUiMiiMit of Midwnto 





cf i)^iiifiii m 
miiBaaa 

pmtfUaoquirad 
•Inot 100-86 




81 oyMms 8 Of moi 
yMsaroBtin 

iMMd fkMR IMMR 
UMbylflBMB 




38% 


2m 




48 


as 




28 


IS 


Btotogtatf tdBficM .....».«......,.,.. 


38 


as 




40 


as 




GO 


74 




3S 


IB 




43 


32 



*^ten^ ffifwrto iwarcfi »qu»m»tn 9pmn$ ooi8ng 8iaoa»88B8.8BB, 
smim^E: MtfimySctofiotFoiirN}a8on,Sfia 



Different fields showed differed f^eras of equipment 
turnover. Craiputer science had tltt h^^ rate ctf 
equiiHnent acqujsitiras since the hA siawy^ 59 
percent of its 1^8^ ii^tnim^ systems having beea 
acquired in the prior 3 years (TAUt 7). The 
OMnpar^ivefy mod^ mcrease in oraiiniter sdence's 
equipment bventory, mrted ear^, due to the fut 
th^ Uiis field also had a very hi^ rate of retiraneitf of 
older equipment durii^ tl^ same period: of the 
in^rument systenu th^ were 3 co* more years old at the 
tune of the last survey, 74 percent had beea retired by 
1^^8*^, I^yucs/a^nmomy e^denc^ a sonDar imtt^ 
achieviiQ a modest net increase in equiimient stods 
durii^ the 3-year period bOv^n the latf two sunvys by 
hanng much turnover wUhm the period, viith acquidtimi 
and retirement r^es o( 43 p^cent und 32 percent, 
respectively. 

The agricultural sciences hs^d the same net inveitfoiy 
change ^ computer sc^ice tiw^ased by 4M7 
percent), but thj^ got to th^ place by a wy ^Ba^ 
route: ti^y had tl^ loi^ rate of equipment acqms&km 
of the Sicven m^)OT fidUs (28 pmntt), \nA abo tl» lowest 
rate of retiromrat <tf dder ^fupmssA (15 poceitt). 
Enpneering and dimbtiy, wiiteh berth h^l Imrge net 
inoeases in equifmiatt stodcs, had h^ ratet of 
acquisition of imw equipmrat (40-46 pment) 
accompanied by only modMe rates of retirraieat of 
dcbr equipment (25-26 percent). 
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X Pro|XHtioiioftotalinve^i^in$10,m 
that b for sjntems cwtii^ 



Total, selected fields 

Agricuhural sciences 
Biological sc»ices 

Computer scieiKce 
Engineoing 
fliysics/astronomy 

Chemistry 
Environmental sci^K:es 



137 



39 



1985-86 
1988-89 



3 13 

I 11 



23 



J 47 



37 



TzmzMMmzzzzzzzzmzzzzzL 



^^42 



L44 
45 



La 



2^ 



—1 50 

'///r///A 54 



10 



20 30 

Percent of inv^tment 



40 



50 



60 



Skninx: Nationfll ScaesKc Foundation. SR5 



^ Tkkd Itmn. Even when 'supersystems" and other 
instnmieat ^stons co^i^ $1 miUkn or moie are 
adutted, Irig ticket items costfag SlOO^XX) to $999,999 
ccmstititfed a substantial 39 percent share of tte Xc^ 
bw^matt rejffesented by t]» 1^8-^ mvBiitoiy. The 
{ffomiiirace (rf these 1^ t^cet kons varies crasiders^ 
from field to field, rm^ii^ from a km olll percent 
\xHai eqidpmoit invKtmeitt in the sgrkultural science to 
ai 53 and 54 pocent in ctem^ry and the 
CTvironmrntal sdencra (Figure 2). Some«^ 
sarfnmb^, however, the {^ominence of big ticket items 
(fid not cban^ much after the 1985-86 survey. Most 
fieMs slujwed incrn^ less than 5 pereent^ pmnts 
b the share total equipmrat in¥Mtmrot represented 
by such instruments. The only field to show a chai^ 
largcf than thai was computer sdentx, where systems 
L.46ag $100,000 ot mtat Mtually ^diiwd in 
yomincncci, drqpinns from 47 percent of the tmal 
investment in 1985^ to 37 percent in 19^-89. This 
nay rc&ct a genml trend toward downstzii^ and 
deeeatrafiza^ erf Madeauc cmnputing ^uipment, as 
PCs, networics, and minicomputer systems become 
ittcrewp^ ^^ilent, supiribnting the laijge mainframe 



Sources of Funds 

OveraU Trends. During the 19S)s, Federal and non- 
Federal smirces made rou^ily the same total 
c(»itribtttions to the funding of the nation's growing stock 
of aa^n^ researdi equipnent, althwigjh the Fedoal 
share declined, from slij^tly more than half of the total 
in 19^-83 to somewhat less than half m 1965^ and 
1988-89 (Figure 3).' 

The larg^ omtributor oi Federal funds fm acaikmb 
research equipm«it omtintted to be NSF (Figure 4). 
Recently, however, NIH (the second brg^ Federal 
omtributOT) narrowed the pp, ittcreirai^ fnm 76 
percent of NSFs cdrtributkm in 1982-83 to 93 percent ia 
1988^. The Department of Defense also became an 
incre^^iy prcmunent scmree of ef]in(mieitf fmds, vnth 
its accumulated contributimi in^reaai^ tnm $153 
miUion m 1985-86 to $302 milfion ia 1988-89. 



?An €i the ^ in this tectioo refer to equipaMt io tbe $10,000 to 
$999^999 ^ficc rmy* 
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Figures. Federal and noa-Fcderal fondiog shares 
irf natkmal ^ock c^Msdraik re^ardi 
eqaiinneiit, 19S2^ to 1988-89 
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AracH^ non-Federal source appropriaticms from state 
govmunents became increa&iagly prominent, growing 
frmn an aggr^^ oS $125 million m l^S-S6 to $347 
miUion in 1988-89 (Figure 4). Hotvcver, institutional 
fondii^ ccmtinued to be by far the larg^ non-Federal 
scHtrce of suppcm for academic r»earch equipment 
(oontr9niting $973 milfion oi the 1988-89 total), 
exceeifii^ aU tidividual Federal sources as weU. 

Ablim$h cumulative ddbr amounts of in^rumentaticMi 
miqnft ittcreioed Cram aV fuiding somxs^ tl» orerail 
dtiAr9nitKni of suiqxnt amvng sources was remarkabfy 
fitaUe from 1982-83 to 1988-89 (Table 8). The only 
consistent changes CfWt this paktd were for NSF, which 
dedb^ fitmi 18 to 15 percent ^ the txAsH, ajul state 
ggwemmeat, «iiich increioed its diare of the t(^ from 5 
to9paPCBnL 

Fldd mtecacct. P^tems of in^rummtation funding 
snpinrt differed cco^enddy by &hl (Table 9). As one 
would eipect, NIH was the laigMt single funding source 
for research equiimieiit m tl» l^d<^ical «»nces. 
Similarly, the envinmmental 
ftj/sks/MmMmy^ and the agrkuUural sdences all 
obCaiud substantial fimdii^ frcnn *'mhcr* Federal 
sources (wludi tncfaided NASA and the Department of 



Agrknhure), and prirate/iiufa^ry scwcn made 
sid^tantial eqiii(Hnent ccmtrilnitkms in ecmij^er smi^ 
asKi engineering. 

TftMa & Sm^ett of fimito fm aoquMtim irf a ca<ltm> o rasaaf^ 
tquipmtnt, 
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Most fields e3q>erienced fairly stable equipment funding 
patterns over Urn period encompassed this ^irvey 
(Table 9). This was espedaUy true for Ihc i^ricuttural 
and biok^ical sdenceSi vAum the fondiiv mix (m the 
1!^ equipment ^ock was almo^ identical to the ok 
found 6 years earlkr, Plqnstcs/astrooomy ai^l 
^i^i^riflf evi(tei»ed tte brgcd funcU^ shifts 
period. In physics/astronomy, a substantial dedine in 
Fe^al instramentaticm suppcnt (prindpalty tcm 
NASA and NSF) was ofiEset by increased support from 
instUutkmal funds and from state govemmeids* 
Engineering o^erirac^ a similar dedine in Feder^ 
support (from all its major sources) and had c^Esetting 
increa»s fr«m state governments and jMr'i^/mdustrial 
sources, 

Instltntlmi CcmtroL Tl» increased imndvemem <tf state 
govermnents in fumling academic meardi equijmmtt 
primarily benefitted public insthittkms» wludi f4)tdlMd 
13 percent il the funding for their 1988-89 
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Figiire 4. Contributfons to aggr^ate amount of academic researcfa equipment, by source of fkuuis, 
1982-^ to 19884(9 
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(Dotal* bi miRkm} 

$298 $816 $38 $81 $420 $906 $211 $540 $S0 $160 $109 $217 $180 $346 

(Rwotnt of totid) 

ftHtfil.tftttf 48 37 22 23 51 52 54 61 44 42 47 48 76 84 

^•^"^ 17 13 5 5 9 8 34 25 22 17 15 20 29 25 

•ft, 1 1 4 4 38 M 9 14 1 1 <1 <1 1 <1 

m""" 19 i6 <i 1 1 3 s e « 22 e 5 13 13 

OOE 6 4 1 2 1 <1 3 4 1 1 8 6 16 16 

oSmZI—Z..:. 5 3 13 10 2 2 3 1 2 1 17 17 17 10 

NonMfil. total Kfi3^^*®^t!S22SS?IS 

kmitiitton funds 30 27 49 46 34; J538a242B2«14 27 

Mgemnmm 8 15 18 18 5 » 3 f 12 J ,1 I? *J 1 

PriMM^bl^ - 14 19 9 12 8 7 7 5 23 29 18 12 7 4 

OBwrJ. 22313111122221 

•But • ■gof»o«»fwn*Mi»prio»ofaHln«runi»mtytaKn««»»t^$lOflO&^9,999!htf 
NOTE Drtaite may not turn to tot«l» du« to rounding. 
SOURCE: N>6onal SdMWO Foundatisn, 

nstnimentatkm from dus source (Figure 5). The and physics/astronomy. Departmeiit heads in the 

relative dedine in Feder^ supped also (UfTerentially agricultural and Indogtcal sdeaces showed lesser 

beu^tted pub&: institutioas, wfakh are less dependent uteres in sudi h^^otft ^ui^ent, wUh the m^frnty 

on F^ral support thar are fmvate institutions. Over them continuing to urge increi^ Federal support for 

the 3-year period since the 1985-86 survey, the equipment in the $10,000 to SSO,000 range. 
comNnatkm oS these two fact(»« piodu^ a larger 

overall inventory increase for public institutions (from Reasfms for Needing New Equipment In the most 

$1.4 biUton to $22 biDion, a real mcrease of 53 percent) recent survey, department heads were asked to identiiy 

than for ^ivate institutions (from $0.6 billion to SIJO up to three items of research equ^nent that were 

bilBoo, a 45 percent real increase). currently the topmcst ^fmtie& fw then* ui^ thqr were 

also asked irt inidicate the instrument's as^ffonm^ cost 
and the reasi^n it was neetted. The typM of equipmou 

Itepaitment Needs and Assessments identified as being most i»eikd are tossed m the 

section. As fior the costs am} reastms assodat«l wfth 

Need for Big Ticket Eqaipmcnt In aU three cycles of departments' future equipment neetk, two things are 

the survey, department heads were asked to i<tentify the sticking (Table 10): 
cost range ftv wUdi imreased Federal instrumenUOion 

si9p0ft wDuM be most beneficial to research ■ In all but two fields, the median ^ices of 

investigators m th^ units. The overall percentage departments' topmost equipment privities were 

identifying equipment systems is the $50,000 and over in the sn-fignre range, reitentting the growing 

rai^ hax^ most neeifed propcsavely increased, importance of t»g ddcet ftems. The exveptbns 

from K percent in 1983^ to 35 percent in 1986-87 to 46 again were the agriculture sc^ices, where the 

peiceitt b 1989-90 (Figure 6). Farticnbviy in the last 3 median price was $35,000, and the bidisgical 

years, iiKreiaed nwd for sndi Ug t^cet equipment was science with a median priw of $50,000. 
cspedaSfy pnHUNmeed in engineiain^ computer sdence. 
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Figure 5. Source i^fiuKb for acquidfoi of academic researdi equipmeiit in sdected 
sdence/iaigfiie«1ng Mds, by instftutfon control, 1988-89* 
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Base = $957 milliiNi 
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* Base = aggregate i»m:hBse price of lescaich equipment costing $10,000 - $999,999 per syston. 
Source: N^onal Science Foundatiim* SRS 



Tabto 10. Coft and intmdMl um of departnmits' top-prtority resaai^ equiprntnt RMds*, by fl»)d« 
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Figure 6. PeroeDt of depattnieiil/center beads identtfyins eqid|^^ 

and above cost rai^ as being the area wbere Increased Federal ftmding support 
would be most boiefldal, bylield, 1983-90 
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la an sevoi &bis, cyva liatf of idl U^pric»^ 
BKtrameM syistms wmc needbd to '^'pgn^le 
cq»^»fitkai ix^ to pafam aqperiiB^s you 
csuKX do iKiw*** la ot^ words, tteauxctfiMxds 
fw new researdi cqmpmeia was doaiinated by 
iteptftm^s* f^ob to stay atmatf d anerging 
tech^ADgKS (ovarafl» 58 parntf df aU tqp 
imwi^ Mcds are in this calc^OTy), ratl^ than 
a need to replace obsolete or wornHHU 
eq^^aeat (17 pmem of the total) w a desire to 
ea^aml a researdi jmsgram by cditainiqg 
Mkfitional cc^nes of existing eqttiiHn^ (25 
pmesd). Tl^ aafAaas on nov t^indogte 
("vpg^sdc c^idiflitiesO ms especially 
ima»iiiim^ in the physical sconces, 
{diysks/ffitronraiy (76 percent of the top-pricnity 
meds) and chmistry (62 peiwnt). 



Percched IVnraito fai Fimding Soppoit The chaises in 
aggn^e doStix amounts of hutramedtatbo faw&v 
suppmt between the 19S6-87 mod 1989-90 swwys, as 
disnissed above, were rat evrafy dbtril^ed acroo d 
itefmrtmeats in a For ny fw^lar fimifii^ 

smrce, scnne A^yartncnts ei^OT^ed iim&9 Irar^^ 
over the 3 years bdwc tte cmat rarfey, a^ fathers 
saw their fom^ remain the sme or even dc^rfinc. 
Overall, for e^ of the thm majw fumti^g sowees 
(Federal, slate, and histkuticmX about haff of all 
sderoe/eagb^erii^ dqptftmeitt hu^ itpoited that 
imOrumentatkm hu^iing remitted BbfM the same (m 
was not B^^sk^ because the department had received 
no funds frtm the source in any of tl»B 3 years |«wr to 
the survey), 9fith tte otho* hatf beii^ eve^ qdU 
between departn^ts that reedved increased 
instrumaitatkm funding and those with fimdiqg 
decrea^ (Table 11)* 



TaM 11. fVo t lvd trafNlt in Ita pa^ 3 ymm bi ^r^lng tuppmt for mctofT^ rtsMrch aqutfmwn *n selaoM sciMm/^lnaaffi^ firtcte, 
188940 
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stMi M^i^fmnt ipprapriaiiora and •qu^mwrt feoHlcd at part ^ 
iraqr net sum to m dua to foisMftiQ. 
National Seianoa Poundaiien. 8R& 
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For the irmamng smroes (inriviAe fe m wdar kw is / 
fMynigarioM a»l IntsiTC&i^uhi^ wtiroes), most 
dq^nrtmeitts reporttd no nignifkiim dungc duiiiv the 
pttt perbd (79 pmntt and 73 percem* 

raiieOiveljr). HowWp in mosA %tUk^ mntmg ibc 
departments that did report fuxnlixig changes from these 
latter sources, fimdix^ increases were more common 
than funding decreases. 

Qiaiiistiy had the most wiite^iread h^reases in Federal 
mpp(M^ with 48 porceat of d^wtoM lu»ds repcmii^ 
incnased support and cmly 16 percent reporting 
decreases. Ompitter scknce also had mmt 
departments wkh increased Federal suppwt (35 percent) 
than wkh cfecreased ropport (22 percent). In sewnJ 
otto* fields^ ImwevN, declines in Federal fundii^ 
ywn actually more conmicm than increase the 
agriodtural sconces (25 percent down, 12 percent up), 
eogiaeimng (28 percent iknra» 20 pment up), and 
l^iyacs/astronomy (33 percent down, 24 percent up). 

Otbmr^araiwdTm^. Neariy all scie«e/engimeriiig 
^Mutment li^ads repined that thmr insArum^tfation 
nee<& had grown during the 3*year period (Figure 7). 
Similarly, altlmi^ reUO^ely few dcjmtment heads 
rqmted significant equii»neiMi fundii^ increases from 
any one source, most (69 percent) imficated that the 
overall «fadlar value of their research equipment had 
increased, and mfy 4 percent smd it had decreased 

Peihaps the most positive Tmding from the department 
survey h thiO, desf^ the near-universal percejAion that 
imArumenttfticm n^tb ircreased over tin: 3-year period 
hefrae the 1989-90 survey, only 17 percent o( 
sctetm/ei^ii^erii^ (kpartment heads reported a 
Adeline in the overall adequacy of the research 
equipaent in theff units; ahout <me-third said the o^rall 
actequacy 1^ remained the same (ix*, th^ their 
instrummratimi h^ more w less kept i^ce with their 
diaiyng f^ois), and fiilly half (50 percent) 
acfcno«ifci%ed that tl» adequaqr of their ii^trumentation 
had improved during thb period 

As with most other tqmpm^ trend mcScators, different 
views AoiA reemit eqiqpment tren^ were fmmd in tte 
difiEeient fieMs. Oitt eneptkm to this general rule was 
that, on tte qoetfion {d dia^es b bstrumei^tion 
fiee^ neariy all il^nrtment l^ads in all 
idence/ra^M^erii^ fielib i^r^ that the i^eds 
bcieas^ i^nificantly in the 3 years smce the last survey 
(Table 12). 



On tte ttther two Msrasment memm, dqfwtmott 
heads b ^emfatiy were the most Ukdjf to npon 
i»reaae8 b equi^miem mno^s ^ pNe»rt) mid 
improi^mrts b equ^nneitt w^uaqr (71 pmnt), 
Cwif^Utt scbnoe abo had iAxive*avcn^ ipemMBgn 
on tiu^ measure. At the otMr extreme, 
physics/astronomy departs^ hea& tettt c^en 
reported boeased equipment ammmts (56 pme^), and 
tk^ wm the most Uludy to rtfon overall tfecBnes b 
equiimient ^quaqf (29 poeent). These tfa^nitmeitt 
perKfAiou are genially consfatert wfth tk {nevkmly 
disclosed inventory diai^ fimfii^ frcmi the ^ttt|mieitt 

SIUT^. 

Here are two fields for which itepaitment porceptbw 
do nc^ seem entirdy consisteirt wkh the equifmieitt 
survey fbdings, Fi^ b o^^ne^in^ nAiidi had the 
largest overall boease b equiimient stocks^ tl^ 
percentage of department hea& repwtiqg ti^rett^ 
equipment amounts and increased eqiu|mieirt acfequacy 
was about the same as the overall average for aU 
sdence/ei^itteering fokfau Owe pos^te eqplantfkm n 
that the laige net ircieasea b intframentation amtHmto 
seen b the equipment survey tended to be G(»u:»itrated 
b a relatiwfy few hrgfi cfepartmotfa, r^l»r than bong 
wdely distributed amcmg both C» huge departmeirts and 
the many smaller engineering departments as well 

The other apparent anomoly is the environmental 
scsen^ %^€h had the \omsi net expanskra b 
instrumentation ^ocks of the seven majw fields over the 
i^year period and had an actual decline b annual 
equipment purchases, but whidi also bad an above- 
average per^ntage of department heads reportii^ 
bcrea^ equipment amouirfs (77 percent) and aifequaey 
(59 percent), over roughly the same pmod Two 
pcssible e9q>ldnatkms are that: (a) the eqtnpmoit 
bcreases b this f^ld during the 3 years ^^^dle not large, 
were mcue mdefy dioributed than b dlha &1«, and 
(b) some department beads* assessments may have 
reflected very recent influxes of equifmimit, viliidi are 
not yet evident b the equiimient survey data. 

Treads b P erce iv ed UmHntlona. In the 19S3-84 survey, 
department heads were asked wh^ber there wnc any 
imptmaitt std:^ areas whm icseardi bveidigBtm b 
their units were imdl>Ie to p^orm erfticd m^wiiMnts 
because they lacked the necessary eqtiipment The same 
question was asked 6 years bter, b the 1989-90 
i&urwy,and scnne overall impra^mnc^ was wkkai: ^ 
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or 



F%ure 7. Ptercdved trends in last 3 years in depArtment/csiter res^mrh equipment, 1989-90 



Percent of fte|>artniait/center heads 



Instrumratation needs 



11 Increased 

Y/yX Remained idxMit the same 



Decline 




Amount of research equipment 



IiK;reased (>10% in tcM^ volume) 



Remained dxNJt the s»ne 



Decrease (>10% in total volume) 




Adequacy of research equipment 



Im|»Dved 



Remained dxnit dm same 



Declined 



Source: Natkmal Science Fmmdatkm, SRS 
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NOTE PMsontaoMm^notsufntoiradMlonMimfins. 
SOURCE: National Soianet Foundation. SRS. 

p^mttage of sdence/a^neering department heads 
rqKfftingsiidi T*m«tftt*^ As^ned horn 72 to ^ percent 
(F^m 8). In Mnne fi^b, tl» impfovemem was quite 
fan^ eq^ciaOy in ocnnpi^ wsaace {fnm percent to 
59 percent), cbemistiy (from 93 pen»nt io 63 percent), 
and o^jnMfii^ (from 89 pororart to 70 percent). 

fkwem, m ^ty^/astxoBomy and in tlie agricuttnral 
and eavironmestal K a c o c ea , equipment-rclaled 
Bmtfffaw remained at Icvdi and may even have 
iacreMed. It ia ^ sobering that, despbe the many 



qnantitalive and qualitative tmprovemeitfs that occurred 
over Uie 6-year period, the m^vfty oi the d^rtmmts 
(Le., over SO percent) in ahnost all major 



science/engineering fields continued to esqwrieiwe 
impaired r<»ea^ productivity due to a la^ ai needed 
equipment one exceptioii wm the Mdog ical 

science latere tl» perceittage of ^partmoit heads 
com^aiiung of this pn^Iem fell sligloly bebw the 50 
percent Iswl (I^ure 8). 



lypes Of Existing And Needed Eqnlpment 

A cOTiprehenave equipnent taxoMMny was developed 
after the 1986-87 survey, with the atsitfancp of nuny 
NSF and NIH project adnaofs. Eadstiag inatrumeat 
systems in the 1985-86 and 1988-89 surveys were 
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F^reS. Fterantofdeiwrtiimit/ceBto*toNisreiiort^ 

cannot do critical experiments In tbdr areas vi rcseardi intonest 
due to lack irfneeM equipflMsit, by fteid, 1983-84 and 1989-90 
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dasttfied into this taxosomy, as the instruments 
dqpvtment heads idciitificd hi 1989-90 » bdi^ their 
top>i»rk»^ »eds Cot the future* Ttese data made k 
pos^^ fas tl^ fost time, toenminc the ecunpc^ira d 
camsA eqmpn^ invmtcmes and trails in bcAh 
cjotfisg and nec^ mstrumentatioo, by type of 
equi|nn»t^ 

Ahhm^ tl^ fun natiraal stodc d academic research 
instrumentation in the SlOpOOO to $999,999 range is 
diarKterized fay enormous diverskyy there are also some 
eons|toKWB oommimalkka b the kii^ <tf instruments 
encrantered. Most ^inpmoit m tl» 1988-89 inventoiy 
can be dvsiffed into three broad catc^cvies rou^ify 
wpul size b terms of the invetfmeitt tlu^ rqircai^t: 
emnputmi 25 poremt itf t<^ investment; 
^ectnm^terSy 22 p^G»^ ai^ l^wnalytical intfrnmen^ 
26 peieei^ Unae three citfe^mea oiomipass uarly 
three-fuaitm of the entire n^kmal tnvaocffy; all odi^ 
types dt eqn^mient omnHned ^oount for the remaining 
cme-fourth (F^vre 9)* 



^^IliiB ftfCfH ghM 1 acaonl oMuvfepr of c^ulpnioat type diiliibiitiotts 
sad tiradL Pbr moss itetsHcd tafiomsttoo cbotti typc*i glitcd 

■toreni o o B , w» Okm Kia ltiks c/ 
iffO(^BP,1991). 



F%ure9. IK^tnitkm i^i^rgate purchase price 
1^ acaitoric research equiimieDt* by type 
irfeqniimifnt, ljWS-89 
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Ovcndl Trends 

At the level of these four broad categories, the 
compM&Km of ^ 1968^ xutfHBial inve^oiy b 
(weatufly tl» same a k wb 3 yews ew&r i^greg^e 
bmtfiMittB 7C a& £rar cat^nia trcreiaed about SO 
percent over this period, leraltmg in no diange in the 
^location ci invHtmeitt mong categories (TMc 13). 
However, withal each of the fonr to»d categOTtts, laifc 
shifts and diai^es are cvHtett. 



Compatcra Data Haodilaf E^Upmnt 

d^ffi, and imi^ ttulysis eqinimeiit) increased 
dramitfkaDy ia pnunina^ the number of such 
systems, suid the ^gr^ate investment th^ 
represent, was about two and one-half times 
huger m 19S8^ than u 1985-%. 

■ Decentnifized computer systems ia the tZOO^WO 
to $999,999 range (Le^ systems administered at 
the school, department, or research center level, 
nolu^ than thrraigli univeisty-I^i^ ounputer 
centers) also showed siib^aittia} growth, mth the 
overall number of and investmeitf in such qrstems 
doubfing in the 3 years smce the last survey. 

• Onnputa' systems and compoomts in the $10,000 
to $199,999 range shown! the lowe^ rat» of 
cqonatm: as unit pricra dnq>ped from $42,000 to 
$35^ i«gregate investment in this category 
if^a^d rally abovS. 30 percent (before 
8<Qustment f^ inflation). finding does ncA 
irajdy any slacfcening of intere^ in persmial 
ompmers or other cmnpirtii^ systems at the Usw 
end of the cost range, howew. Hie gromng 
pqHiIarity and dediaii^ imk oists (A such 
systems has meant that many of the systems being 
IHirchased luiw fall behw the survey's $10,000 
threshold. 



Spectromctcfv and Light MeuurHncnt Equipment 

■ There are many different kinds of spectrom^ers. 
Howevor, four rdatively high-cost kinds account 
for abcHtt twHhinb of the current ag^(^te 
investment in this categcay (though only Aout 
OK-tlurd ftf the systems): NMR, mass, x-ray, and 
electron spectrometers. 
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Tlw nuiidi«' of NMR (m^ew magnrtir 
resonance) a^MMtrimiaers dU not bureaiB from 
m546 to 1988-89; it may even have dc^nod 
s^htly. However, the awer^ wdt price of 
NMRs in the 1988-89 invaUory was mudi h^er 
than that found 3 years earfier ($152,000 versos 
$93,000 per system), resultiog b a sub sta ntial 
increase in a gyqta t c tnvetdsBatf (frran $100 
milUcm to $160 m^ao). 

Electron/ai^/km scattering spectrometers also 
showed a sirtirtantial iiwrease ia i^ggregate 
imre^ment (from $5D mSlion to $100 mfllicm); 
this ocoirred as the number of such qvtems more 
than doubled, mMc (and perhaps because) the 
average cost dedined, from $123,000 per system 
in 1^5-86 to $100,000 in 1988-89. 



BloanalyticRl Instmmeats 

■ Average pmrchase {vices for most kinds of 
bioanalytical instruments increased frran 1985-86 
to 1988-89. The largest increase was for jffotein 
(pWi) s^AlNi^zm/seqi^icefs, wittise meim 
price grew frum $48,000 to $70,000. The number 
irf these in^ruments also grew substaittialfy, ami 
the aggregate investment more than trd>led, from 
$30 miUion to $100 million. 

■ Hie mean price [»id etectron mi c roscope s 
also mcremed ctmskieral^, frimi $105^000 to 
$120,000 per system. TfaiB, although the total 
number oif electron micr(»copes in tte natiomd 
inventory did not diai^ aggn^e invc^otf 
rose from $130 million to $150 millicm. 

■ Hie number and average fskts of cell 
sorters/cytometere both increased «ibstantially, 
rauhing in a doubling of the aggr^tc 
investment (from $10 million to $20 miUioo). 

• Centrifr^, the mo^ nummius ci tia 
bkmalytical imtfruments, had a 40 perceitt 
increase in number and a 20 pnoeitt mcreaae m 
unit price, resuhing in about an 80 percent 
increase in sggr^iate inviNtment (from $110 
miUion to $200 million). 
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■ The number itf gnwth/eowronmcgtfal ^baaibtm 
more than doubkd, & did the aggr^te 
iBvestnusirt in Hhesc sjstam (from ^ miUkni to 
SSDn^Dhm). Unk pracs did ncrt chu^ 

■ Sd^fflatkm/ra&doa omuaeTS, wfaidi were c»e 
ci ibc moA mmaotts ^ Idi^ id l^naalytical 
inatrBaiaits in 1965^' did not increase in 
number or nmt price m, conseqiwntly, hi 
aggr^irte investment 



Otho* Insferaiirats 

■ Laser qiatems and motira/o^ical analyzers 
ahttost doubled in number frcm 19S5-86 to 1988- 
89, and the awngt jvice d ihesc sj/Aems 
increased from $44,000 to $47,000, resuHti^ m a 
douUii^ fd the lygr^^te inmtment (from $100 
millkm to SSOD milliiHi). 

■ ^fisodlaneous, c^en o^om-buib, b^ ti<^et 
systems costing SlOO^ to $999,999 more than 
dcHdbted in nunber (frcnn ^XHit 250 to ^ut 
590), as did the aggr^ate inve^cnt th^ 
sfl$tms represent (from $70 million to $150 
m3Iicm). 

■ There were a lai^ number of misceUaneous 
instruments coding $10,000 to $99,999 that c»uld 
not be dasnfif^i in any d the sisow ratines 
(abnost 10,000 in 1988-89), but the number and 
aggregate inve^ent in sudi systems increased 
relatively fittle (about 30 percent), and the 
average unit jnice frir such items did not change 
at all 



• ConpHiiv ^uqsient also cmatftutes a 
substantial share (AmA cme-third) of the caastiqg 
ittveatcny investment in a^auib^ the 
environinental scki»es, and iAg^icB/astn»amy. 
Oiemistiy and the agricdtural mtd HdogM 
soffncwt liave smaDor iavcrtmcmi in wmpg&^ 
^tupi^ (dxNtt 10 pmeiit c^). Inidliiftlie 

conrtihitCT a bwer share of ^Bpattmnt^ htaat 
than (tf tl^ ainotf mvodofica. 

■ Sp^:tamie^ rejnresott a wy laige tnOkm (61 
percent) of recent (1985) and cwreot (1988) 
invB^ents in diemistiy, and an ev» lmg» P9 
percent) share of top priority fatm aeedi in thi^ 
fidd* Spectroi&eters are also becoming 
mcreasing jH-ominent in most other fields, as wdL 
This is especially trm kff tl» e nvir oni ncitfal 
sdencn, ^i^iere ^^Mtrom^m repeseirt a 50 
percent share oi future needs (up from 28 percent 
of current investment). 

m Not surprainglyy bbanalytical instruments are 
e^^edally jmuntnent in tint biolo^al 8cienora» 
where they constitute 65 percent of eurratt 
inventmy invi^ment; irotrumimts in this cat^vy 
are also highly prcmiineitt in the apirahural 
sciences (52 percent d aggr^ate inve^ent)« 

• Other equipment^ «i€h m lasers, electrmiics and 
d^cnn-bailt eqiupmrat d many kinds^ are 
espedally - and incroi^i^ - {mmiineirt in 
enpnemng and phyucs/mtronmnyy whore they 
represent about half of currrat inventory 
investment 



Itmds by Field 

D^finrent &Ms show widdy differing distributions and 
tro^ in the Idn^ of r^ieardt equipment they have 
Mcmnulated and m their top^priori^ neeik for the 
ftoire (Table 14): 



m Ccmiputer sdeme con^s almost entirely of 
ec^nputing equipment, although small amounts of 
other kinds of equipment are also used, and 
meded, in that fiekl (sudi as etching and MBE 
equipmeitt med m dci^ing circuit boards). 
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Sampled Institutions 



Nramedteal Ciril^es and Universiti^ 

Bsown Univoshy 

CalUbniia Imtitiite of Teduiology 

Coif»«io Smt Univmity 

Cornell Unfvereity 

Duke Unlv^ity 

Geoiigia Institute of Technology 

Harvwd Univosity 

Jdm Hq>lum University 

Loublana St^e University 

Massadiusetts Institute of Technology 

Michigan State Univmity 

Missi^ippi State Univmity 

New Mexico ImtiUite of Mining and 

Technology 
NorA Carolina State University 
Nc^e^em Univ«sity 
Northwests Universi^ 
Ohk) State University 
Oklahoma State University 
Or^n Stme University 
Pramylvania State University 
Prii^ton University 
Purdue Univmity 
Rockefeller University 
Stanford University 
Stevm Institute of Technology 
Ten^le University 
Texas AandM University 
Texas Tech University 
University of Arizona 
Univmity of California at Berkeley 
Univershy of California at Davis 
Univ»shy of California at Los Angeles 
UniversiQr of California at San Diego 
Universi^ of Central Florkla 
Univmity of Colorado (Bould^ aivi 

D&avet) 
University of Connecticut 
Univmhy of Dayton 
University of D^ver 

University of Dlinois at Urhana/Champaign 

University of Iowa 

University of Kansas 

Univosity of Maryland at College Park 

University of Midiigan 

Univosity of MimMsota 

Univosity of Ndsmka at Linc(rin 

University of North Dacota 

University of Oklahoma 

University of Pennsylvania 

University of South Alabama 

University of Texas at Austhi 



University of Washit^gton 
Univ^ity of Wisconshi at Madison 
Virginia Polytechnic Institute 

Washh^ton Stme Univasity 

Yale Univorsity 



Medical Schools 

Albert Einstein Collie of Medicine 
Boston University Mediod Can^nis 
Duke Univosity Medical Cmter 
Johns Hc^kins University School of 

Medicine 
Mayo Medical School 
Medical Collie of Ohio at Toledo 
Northwestern University Medical School 
Ohio State University College of Medicine 
Temple University School of Medicine 
Univo^ity of California at Los Angeles 

School of Medicine 
University of California at San Di^ Sdiool 

of Medicine 
University of California at San Francisco 

School of Medicine 
University of Chicago Pritzker School of 

Medicine 

University of Cincinnati College of Medicine 
University of Colorado School of Medicine 
UnivQsity of Kaisas Medical CeiAst 
University of Mini»sota School of Medicine 
University of Nebraska Medical Center 
University of North Carolina Sdiool of 
Medicine 

University of Pennsylvania School of 
Medicine 

University of Texas Health Sciences Center 
at San Antonio 

University of Texas Southwestern Medical 
Center 

University of Washington School of Medicine 
Yale Uriv^ity School of Medichie 
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WEST AT KEY STAFF 



Dr. Lance Hodcs* Corporate Officcr-b-C3»argc 

Dr. Kandh &Kidiii^ ^n^ed Db^Ktcv 

Ms. CyBlbla Grajr, Assistam Project Directed 

Dr. BA^inrd OaocgrMid Dr. M^buite Martittdalc, AnalyiOs 

Mr. WlUIaa Roifhew, Sy^ms Analyst 

Ma. Carol Utnaa, Editor 

ADVISORY PANEL 

ftr. H. MibnAtj Atfing Chairman, I^partment of Fbyocdogy, Uniformed Servioea Umvnsty ot 
the Health Scscsces 

Dr. D«irfi Buves, Assoc^e Vice Ttc^^cjA for Governmental Relaticuffi, Unimaty aS Vt^inia 

Dr. HanrU Eatoo, Associate \^ OiancelliM' for Research, Loiusana St^ Univin»ty 

Dr. R<riMert F. Jonca, Director, Section cm Institutional Studks, A^odatirai oi American Medical 
Colleges 

Ma. Caite Raffietto, Senior MIS Analyst, Information Systems and Adminbtr^ive Service University of 
Cafifoniia 

Mr. AUn J. Sinl^UI, Vice Provost for Research Administration, Princeton UnivBra^ 



NSF Ex-Offido Advisors 

■ Dr. WUUam F. Butdm*, Head, OfTice of Ei^cerii^ Infrastructure Devek^ent, Pirectcvate for 
Eagmeering 

a Dr. Kouttth G. Kancodc, Director, DivisioQ of Qiemistry, Directorate for Mathematical and Riysical 
Sckawes 

■ Mr. Frai J. Hem', nannii^ and R<»ources Offi^, Directorate fm Engineering 

■ Dr. Jo$Ksk Reed, Program Director tot Instrumentation, Division oi Chemistry, I^ectt^ate for 
Mathematical and liiysical Sdences 

■ Dr. ^via L Tbatar, Program Dir^tor, Divi^m of Computational Mathematics, IKrectOfate oi 
Mathematical and Physical Sdeoccs 

■ Ihr. James W. Flraberg, Chancellor (retired), Louisiana State Univeraty, Special ConsuHant to NSF 



NIH Ex-OfiBcio Advisors 

• Dr. Murray Eto, Chte^ Bimnedical Engineeriog and Instrumentation Brandi, Department of Researdi 
Sams 

■ fh*. Caroltac Hi^mnv, AOfaig Pn^ram Director, Dinaon of Roeardi Resooron, Bicmedcal 
Trdindogy Research Fnyam 

• Dr. Mkfcad Rogo's, Program Administrate, Pharroaoological Science Pnyam, NIGMS 

a Dr. Maijorie Tliqle, Program Director, Biomedical Researdi Snppmt Prpgram, National Center for 
Researdi Resoorcea 
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